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Background and aims: During the COVID-19 vaccination program in India, the healthcare workers were
given the first priority. There are concerns regarding the occurrence of breakthrough infections after
vaccination. We aimed to investigate the effictiveness of COVID-19 vaccines in preventing and reducing
the severity of post-vaccination infections.
Methods: This retrospective test-negative case-control study examined 28342 vaccinated healthcare
workers for symptomatic SARS-CoV-2 infections between January 16 to June 15, 2021. They worked at 43
Apollo Group hospitals in 24 Indian cities. These cohorts received either ChAdOx nCOV-19 (Recombinant)
or the whole virion inactivated Vero cell vaccines. Various demographic, vaccination related and clinical
parameters were evaluated.
Results: Symptomatic symptomatic post-vaccination infections occurred in a small number of vaccinated
cohorts (5.07%, p < 0.001), and these were predominantly mild and did not result in hospitalization
(p < 0.0001), or death. Both vaccines provided similar protection, with symptomatic infections in 5.11%
and 4.58%, following ChAdOx nCOV-19 (Recombinant) and the whole virion inactivated Vero cell vac-
cines, respectively (p < 0.001). Nursing and Clinical staff and cohorts >50 years contracted more in-
fections (p < 0.001). Two-dose vaccination has significantly lower odds of developing symptomatic
infection (0.83, 95%CI e 0.72 to 0.97). Maximum infections occurred during the peak of the second
COVID-19 wave from mid-April to May 2021 (p < 0.001). No significant difference existed in the infection
between sex, vaccine type, and the number of vaccine doses received (p � 0.05).
Conclusion: Symptomatic infections occurred in a small percentage of healthcare workers after COVID
vaccination. Vaccination protected them from not only infection but also severe disease.

© 2021 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

The coronavirus disease (COVID-19) pandemic, caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that is
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highly contagious, has spread globally since it was first detected in
December 2019. India has experienced a significant resurgence of
the virus during the second wave of the pandemic, which had its
peak in April and May 2021 [1]. The only hope for effective control
and mitigation of this pandemic are effective and large-scale
vaccination efforts. Several vaccines for preventing SARS-CoV-2
infection have been developed in many countries, including India,
at a phenomenal speed [2]. The Government of India (GOI) first
permitted the clinical use of two types of vaccines, namely ChAdOx
nCOV-19 (Recombinant) and a whole virion inactivated Vero cell
vaccine [3e5]. A mass vaccination program was implemented in
India in multiple phases beginning January 16, 2021. The first phase
of vaccinations included healthcare workers (HCWs), people aged
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over 60 years, and people aged over 45 years with significant
medical comorbidities. They were administered one of the two
approved vaccines at vaccination centers, with a recommendation
to get the 2nd vaccine dose in 4e8 weeks of the 1st vaccination [6].

The ChAdOx nCOV-19 (Recombinant) vaccine [4] is currently the
most commonly used in India. It is a viral vector vaccine manu-
factured by modifying the chimpanzee adenovirus ChAdOx, and
was developed by AstraZeneca and Oxford University (UK). The
vaccine is manufactured and sold in India by the Serum Institute,
Pune. Its reported effectiveness for preventing symptomatic
COVID-19 is 76.0% at three weeks after the first and 81.3% after the
second. The other approved vaccine in India is a whole virion
inactivated Vero cell vaccine [5], developed by Bharat Biotech
(Hyderabad, India) in collaboration with ICMR and the National
Institute of Virology. It was approved by the GOI for emergency use
in the prevention of COVID-19 after a successful phase-2 trial. It has
demonstrated 78% effectiveness in preventing mild, moderate, and
severe COVID-19 cases and has demonstrated effectiveness in
preventing infection by mutant and heterogeneous viral strains of
SARS-CoV-2.

HCWs have been on the frontline of efforts to combat the
pandemic and were thus prioritized for vaccination when COVID-
19 vaccines became available. It was essential to prioritize vacci-
nation of HCWs because they have a greater occupational risk of
becoming infected. Additionally, infected HCWs reduce the number
of healthy HCWs available at a given time, thereby reducing the
availability of their much-needed services during a critical time.
Furthermore, HCWs present a risk of transmitting SARS-CoV-2
infection to their family members and the general public [7].

Although it is now widely known that the available COVID-19
vaccines are safe and effective, there have still been concerns
about their effectiveness and possible side effects [8]. Recently,
cases of post-vaccination infections (PVIs) have been reported [9].
The Centre for Disease Prevention and Control (CDC) has defined
the breakthrough infections (BTIs) when the PVI occurs two weeks
after the second dose of COVID-19 vaccination [10].

Thus, this study aimed to investigate the effectiveness of two
COVID-19 vaccines in preventing and reducing the severity of
symptomatic PVIs in a large cohort of HCWs working at Apollo
Group hospitals, the largest chain of hospitals in India [11], after
they received the vaccines.

2. Materials and methods

This retrospective, observational cohort study was conducted
among HCWs were working at various Apollo Group hospitals
across India [11]. We adopted the test-negative study design
because it controls for differences in health-seeking behavior of the
cohort and the non-symptomatic group acted as the controls. This
study was approved by an Ethical Institutional Committee (EIC),
and a consent waiver was given by the EIC. The data of the par-
ticipants of this study were collected from a centralized Human
Resource office of Apollo Hospital group, located in Chennai, which
collects the data from all the hospitals of the group.We collated and
analyzed the data of HCWs obtained. The 5-month study period
was from January 16, 2021, to June 15, 2021.

We assessed records of all HCWs who received COVID-19
vaccination and developed symptomatic PVIs. These HCWs were
doctors, nurses, paramedics, administrative staff, and support staff.
These cohorts administered two types of vaccines: ChAdOx nCOV-
19 Recombinant (Covishield™, Serum Institute, India) and a whole
virion inactivated Vero cell vaccine (Covaxin™, Bharat Biotech, In-
dia) depending on the Government supply of the vaccine at
different vaccination centers.

We divided symptomatic PVIs into two groups: (A) PVIs
2

following full vaccination (FV; two doses) and (B) PVIs following
partial vaccination (PV; one dose).In addition, the Breakthrough
Infections (BTI) were considered when the PVI occurred after two
weeks of the two vaccine doses. The day to infectionwas calculated
from the last vaccination date to the positive RT-PCR test date in the
symptomatic HCWs.

The inclusion criteria of this study were the participants work-
ing at an Apollo Group hospital, receipt of COVID-19 vaccination,
and later acquisition of SARS-CoV-2 PVI. Only symptomatic COVID-
19 cases with positive reverse transcription-polymerase chain re-
action (RT-PCR) test results were included. Our hospital group
policy mandates that all the HCWs report any adverse event or
symptoms following the vaccination to the respective group hos-
pital where the vaccination was done and do not self-treat or go to
another facility for their treatment. We excluded all participants
who might have asymptomatic PVIs (due to resource constraints
and logistic reasons), non-vaccinated HCWs, and those with
negative RT-PCR test results.

The data was collected, analyzed, and compared for various
parameters such as age, sex, time to PVI, type of vaccine, PV or FV
status, monthly and regional case distribution, clinical severity of
PVI, hospitalization requirements, intensive care unit (ICU) need,
and death.Statistical analyses were performed using IBM-SPSS
version 20™ (IBM, USA). A chi-squared test was performed to
determine the association among various categorical variables. The
Z-test for differences between proportions was used as appropriate,
and relative risks and 95% confidence intervals (CIs) were calcu-
lated. Statistical significance was defined by p-values <0.05.

We looked at different variables for the multivariate odds ratio
analysis and analyzed the dependent variable of Post Vaccination
Infection. In Staff Category, we divided the Doctors and Nurses (as
Clinical Staff) as Experimental while Other Non-Clinical Staff as
Control. Similarly, the male gender as Experimental and the fe-
males as Control. In the age, HCW above 50 years were considered
as Experimental and 50 or below as Controls. Vaccination with
ChAdOx nCOV-19 (Recombinant) vaccine was taken as Experi-
mental, and the whole virion inactivated Vero cell vaccine as
Controls. Lastly, the individuals who received two doses as Exper-
imental and one dose as Control. We ran themultivariate odds ratio
on the R package and evaluated the Odds ratios of staff category,
gender, age >50 years, type of vaccination, completed two doses as
variables, and provided the forest plot (Fig. 1).

3. Results

A) Demographic characteristics:

31621 HCWs were vaccinated from January 16, 2021, to June 15,
2021, at 43 Apollo Hospitals in 24 cities of India. We excluded 3279
HCWs because of the non-availability of the full data required for
this study due to any incomplete or missing information. Thus, the
final study cohort comprised 28342 HCWs. The age range of the
study population was 18e80 years, with an average age of 33.04
years. Most vaccinated HCWs (76.85%) in the study cohort were
younger than 40 years. The average age of HCWs who developed
symptomatic PVIs was 35.73 years (Table 1). ChAdOx nCOV-19
vaccine (Recombinant) was administered to most HCWs (26375,
93.05%), and the whole virion inactivated Vero cell vaccine was
administered to 1967 HCWs (6.95%). Most HCWs (81.92%) received
both vaccine doses (Table 1). The sex distribution of the cohort was
almost similar (14980 male and 13362 female).

B) Outcomes:

Among the HCWs, 1438 (5.07%; 95% CI ¼ 4.82e5.34%,



Fig. 1. A Forest Plot showing the results of multivariate analysis of the study data.

R. Vaishya, A. Sibal, A. Malani et al. Diabetes & Metabolic Syndrome: Clinical Research & Reviews 15 (2021) 102306
p < 0.0001) had symptomatic PVIs (Table 1). Among those, who
received the ChAdOx nCOV-19 (Recombinant) vaccine, 1348 (5.11%)
reported symptomatic PVIs. Whereas those who received the
whole virion inactivated Vero cell vaccine, 90 (4.58%) reported
symptomatic PVIs with no significant difference between the two
types of vaccine (p ¼ 0.3015).

The FV and PV groups included 23217 and 5125 HCWs, respec-
tively. The incidence of PVIs was 5.25% and 5.04% after a single dose
(PV) and two doses (FV). The symptomatic PVI incidence following
FV was not significantly different from that following PV (95%
CI ¼ 0.21% [�0.44 to 0.91], p ¼ 0.5354). However, both single and
dual-dose recipients were protected from infection by vaccination
(Table 1).

The incidence of symptomatic PVI among female HCWs was
slightly higher than the male HCWs (5.33%, vs. 4.85%), but this
difference was not significant (p ¼ 0.0661). The relative risk (RR) of
acquiring symptomatic PVIs in females was increased compared to
males but not reached statistical significance, at RR ¼ 1.0995 (95%
CI ¼ 0.9941e1.2160) (Table 1). The maximum incidence of symp-
tomatic PVIs occurred in clinical (6.78%) and nursing staff (5.77%),
followed by administrative, paramedical, and support staff
(p < 0.001).

Although the total number of symptomatic PVIs in HCWs aged
<50 years was higher, the percentage of PVIs in HCWs aged �50
years were much greater than those in the younger age (95%
CI ¼ 4.59e2.44%). There was a significant influence of age on the
incidence of symptomatic PVI, with a substantial number of in-
fections observed in the higher age groups [13.06% in HCWs aged
61e80 years vs. 5.96% in HCWs aged 41e60 years and 4.73% in
HCWs aged 18e40 years], with a p-value <0.001.

PVI incidence increased during the second COVID-19 wave in
April (74.84%) and was the lowest in January (3.31%) (Fig. 2). The
monthly distribution of symptomatic PVIs was statistically signifi-
cant (p < 0.001). This higher incidence is likely due to an emergence
of a variant of concern (VOC), as the Alpha and Delta variants. In
addition, the incidence of symptomatic PVI was significantly
different in various regions of India, with the highest incidence
(5.82%) in the western region and the lowest incidence (3.31%) in
the eastern region (p < 0.001).

Among the entire cohort of vaccinated HCWs of 28432, only 80
required hospital admissions (0.28%), and three required ICU
admission (0.01%). In addition, there were no deaths among this
cohort during the study period (Tables 1 and 2). The average
duration of developing symptomatic PVI in subjects who were
admitted to the non-ICU wards was 54.6 days, compared to an
average of 21 days in those whowere admitted to the ICU (Table 2).

On themultivariate analysis, the adjusted odds ratios for Clinical
and Nursing staff who were directly in the care of patients was 1.36
(95%CIe 1.22 to 1.51) and significant.The Odds for the female HCWs
were slightly higher at 1.11. The individuals above 50 years had
higher odds for PVI at 1.93 (95%CI e 1.61 to 2.30). The participants
who received ChAdOx nCOV-19 (Recombinant) vaccinehad a
3

slightly higher odds of PVI at 1.13 than thewhole virion inactivated
Vero cell vaccine. The subjects who completed their two-dose
vaccination hada significantly lower odds of developing symp-
tomatic PVI (0.83, 95%CI e 0.72 to 0.97).

4. Discussion

With HCWs being the frontline workers for combating the
COVID-19 pandemic, this population has an increased risk of
acquiring SARS-CoV-2 infections and thus requires protection.
Therefore, most governments worldwide, including GOI, have
prioritized the vaccination of HCWs during vaccination rollouts.
Unvaccinated HCWs have a higher risk of infections of approxi-
mately 7.3% comparedwith 5% in the general population [7,12,13]. It
makes a strong case for prioritizing HCWs for vaccination against
COVID-19. HCWs who acquire infection cannot provide critical
services and care to patients during increased need. Furthermore,
vaccination of HCWs may contribute to preventing SARS-CoV-2
spread and the development of further mutations. Italy became
the first European country to make COVID-19 vaccination manda-
tory for HCWs on April 1, 2021, to contain a third wave of the dis-
ease [14].

Symptomatic PVIs may occur before and even after full immu-
nization; however, the reported incidence of PVI is low [9,14,15].
We found incidence of PVIs of 5.01% after two doses and 5.07% after
a single dose of vaccination. Vaccination prevented symptomatic
PVI in both groups (p < 0.001), however, there was no significant
difference found in our study between the single and dual-dose
vaccination groups (p ¼ 0.5354). A study from California reported
a rapid and sustained decline in symptomatic and asymptomatic
infections following vaccination of their HCWs and concluded that
the vaccination reduced overall infections rates, viral shedding, and
asymptomatic and symptomatic transmission [16].

Most of our symptomatic PVIs did not result in ICU admissions,
and there were no deaths during the study period. Although the
period of this study coincided with the second wave of COVID-19 in
India, the symptomatic PVI rates were low. It reflects on the dual
effect of vaccination in preventing COVID-19 and reducing the
severity of SARS-CoV-2 infection. In this study, most BTIs (81.92%)
occurred after an average of 46 days. It could be related to relaxa-
tion in personal safety measures or the emergence of viral mutants
or variants of concern (VOCs). The VOCs are highly trans-
missibleand can evade or bypass existing immunity in the host,
leading to severe disease [17,18]. Various VOCs such as B.1.617.2
(delta variant) and B.1.1.7 (alpha variant) are detected in multiple
parts of India, as well as in 85 countries worldwide [17].

The effectiveness of various vaccines used in India and abroad
has been demonstrated in several published studies [9,19e21]. Al
eKuwari et al. have published a randomized, multicenter clinical
trial that reported an effectiveness rate of more than 70% for two
vaccines assessed and compared with an adjuvant-only control
[23]. Keehner et al. [9] analyzed the data of 36659 HCWs who had



Table 1
Demographic details and the statistical analysis of the cases included in this study.

Number of vaccinated
Healthcare workers

Symptomatic Post-
vaccination infections

Percentage (95%
confidence interval)

Statistical
significance (p-value)

Total 28342 1438 5.07 e

(4.82e5.34)
Type of vaccine administered (difference) 0.53

(-0.52e1.41)
a) ChAdOx nCOV-19 (Recombinant) 26375 (93.05%) 1348 5.11

(4.85e5.38) 0.3015
b) Whole virion inactivated Vero cell 1967 90 4.58

(6.95%) (3.69e5.59)
Post-vaccination symptomatic infection after one

dose
5125 269 5.25 <0.001, Difference-

(64.5e67.4%)(18.08%) (4.65e5.89), p < 0.001
- Within 2weeks e 46 17.0
- After 2 weeks e 223 83.0

Post-vaccination symptomatic infection after two
doses

23217 1169 5.04 <0.001, Difference
(87.8e88.6%)(81.92%) (4.76e5.32), P < 0.001

- Within 2 weeks 69 5.9
- After 2 weeks 1100 94.1

Post-vaccination symptomatic infection after two
vs. one dose (difference)

0.21 0.5354
(-0.44 to 0.91)

Sex (difference) 0.48
(-0.32 to 0.99),
RR ¼ 1.0995
(0.9941e1.2160)

a) Females 13362 712 5.33
(47.14%) (4.95e5.72) 0.0661

b) Males 14980 726 4.85
(52.86%) (4.51e5.20)

Average age (in years) 33.04 35.73 e e

Age distribution (in years)
a)18-30 12767 544 4.26
b) 31-40 9014 487 5.40
c) 41-50 4893 267 5.46 <0.001
d) 51-60 1446 111 7.68
e) 61-70 188 26 13.83
f) 71-80 34 3 8.82
Age groups (in years)
a) 18-40 21781 (76.85%) 1031 4.73
b) 41-60 6339 378 5.96 <0.001

(22.37%)
c) 61-80 222 29 13.06

(0.78%)
Regional distribution <0.001
a)Southern 15777 899 5.70
b) Central 589 31 5.26
c) Eastern 6331 210 3.31
d) Western 2694 157 5.82
e) Northern 2951 141 4.78
Category of Staff
a)Nursing 7760 448 5.77
b) Clinical 2256 153 6.78

c) Administration 5172 264 5.10 <0.001
d) Paramedical 3000 140 4.67
e) Support Staff 10154 433 4.26

Hospital ward admission 28342 80 0.28 e

ICU admission 28342 3 0.01 e

Deaths 28342 Nil e e
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mRNA vaccine and reported BTI incidence of 1.03%. The higher
incidence of PVI in our series was higher. We attribute these in-
fections to the second COVID-19 wave in India, which happened
during the last two months of this study when the VOCswere
accounted for more than half of the PVIs [20e22,24]. Shah et al.
4

reported the effect of vaccination among HCWs and their house-
hold in the UK and concluded that the vaccination was associated
with a significant reduction in the incidence of COVID-19 among
their household contacts [25]. Substantial early symptomatic in-
fections following the first dose of vaccination were found in a



Fig. 2. Monthly distribution of post-vaccination infections in the study.
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study conducted in Israel [26].We also noted the protective effect of
vaccination following a single dose (p < 0.001). A UK surveillance
study reported a reduction of SARS-CoV-2 infections by 65% after
receiving the first vaccine dose (Oxford-AstraZeneca or Pfizer-
BioNTech). These reductions were further increased to 70% after
receiving a second dose of the vaccine [27]. Our findings are also
corroborated by those of Dogan et al. [17], who demonstrated that
vaccination effectively prevents severe outcomes after PVIs, with
lower hospitalization rates, severe illness, and death (p < 0.0001)
[15,28]. Most studies involving vaccinated HCWs demonstrated a
lower incidence of severe complications and mortality following
PVIs, as we believe that their cohorts were younger and did not
have significantmedical comorbidities, known as high-risk factors.
However, the varied incidence of COVID-19 has been reported
among HCWs, from different centers in India, including our study,
ranging from 1.6% to 11% [15,20e22]. We have identified and
Table 2
Details of the subjects who were admitted to the hospitals for symptomatic post-vaccin

Ho

(in

Number of Post vaccination infections N ¼
Percentage out of total vaccinated population (n ¼ 28432) 0.2
Percentage out of total post vaccination infections (n ¼ 1438) 5.5

Age (in years) Av
Sex
Female N ¼
Male N ¼

Category of Staff
Administrative 20
Clinical 11
Nursing 30
Paramedical and Supportive 19

Vaccine administered All
Type of Vaccine used
ChAdOx nCOV-19 Recombinant N ¼
Whole virion inactivated Vero cell N ¼

Number of vaccination doses taken, prior to infection
Single dose N ¼
Double dose N ¼

Days to symptomatic post vaccination infections Av
Outcome Go
Mortality Nil

5

suggested probable reasons for these variable incidences of PVI
(Table 3).

Little information is available on the effect of vaccination on
reducing asymptomatic infection or transmission globally. The SI-
REN study confirmed that the BNT162b2 mRNA vaccine does not
prevent all cases of infection. Hence, vaccinated HCWs should
continue to observe COVID-appropriate behavior and continue
regular asymptomatic testing until COVID prevalence has been
considerably reduced [29,30]. The CDC has also emphasized and
supported the continuation of safety measures after complete
vaccination [18].

We noted comparable effectiveness of both types of vaccines
administered in our cohorts, with symptomatic PVI incidence of
5.11% and 4.58% for the ChAdOx nCOV-19 (Recombinant) vaccine
and the whole virion inactivated Vero cell vaccine, respectively.

Information concerning BTIs has started to be reported but re-
mains sparse [15,24,31e35] SARS-CoV-2 mutants (e.g., Delta and
Alpha variants) are recognized as important causes of increasing
BTIs across the globe. Genome sequencing is valuable in identifying
the nature of and is necessary to monitor the evolution and spread
of mutant viruses [34]. The CDC has reported the collated data of
10262 BTIs in the US population during the first four months of
2021. One hundred and one million people in the US were vacci-
nated by April 30, 2021. Hence, the incidence of BTIs is very low,
even though there may be under-reporting of such cases. The
symptomatic patients accounted for 73% of these. A total of 10% of
BTI cases required hospital admission, of which 29% were asymp-
tomatic cases admitted for non-COVID medical reasons. The cu-
mulative fatality was 2%. Only 5% of these cases underwent genome
sequencing, which revealed a high incidence (64%) of VOCs, with
Alpha variant and B.1.429 being themost common. In these data, no
cases related to the Delta variant were reported [34]. Coinciden-
tally, this VOC was predominantly responsible for the massive
second wave in India [20e22].

4.1. Study limitations and strengths

We acknowledge some limitations of this retrospective study.
First, there was a lack of a comparative group of unvaccinated
population, and we did not analyze asymptomatic cases.We also
ation infections.

spital Admissions Hospital Admissions

wards) (in ICU)

80 N ¼ 03
8 0.01
6 0.21
erage: 36.1 (Range: 22e70) Average: 33.67 (Range: 25e48)

37 N ¼ 01
43 N ¼ 02

01
02
e

e

(N ¼ 80) All (N ¼ 03)

72 N ¼ 03
08 Nil

11 N ¼ 1
69 N ¼ 2

erage: 54.6 (Range: 02 to 109) Average: 21.0 (Range: 06e38)
od in all Good in all

Nil



Table 3
Suggested reasons for the variable incidence of post-vaccination infection in the healthcare workers.

S.
No.

VARIABLES RELEVANCE

I) PATHOGEN RELATED
Virulence of Virus Variant of Concern are highly virulent mutants and can bypass the immunity

II) HOST RELATED
Age profile Increasing age is a risk factor of acquiring infection and more severe
Comorbidities Medical comorbidities like Respiratory disease, Diabetes, Hypertension, Obesity, Immuno-compromised conditions are identified high

risk factors
Immunity level Higher immunity is present in individuals with a history of prior COVID-19 disease, and post vaccination (especially after twoweeks of the

2nd dose)
Asymptomatic cases Routine and random testing for SARS-COV-2 infections can pick up asymptomatic infections, which will add to the total number of cases

III) VACCINE RELATED
Number of vaccination Although some immunity is achieved after the 1st dose of vaccination, a higher degree of protection is achieved after two doses
Vaccine efficacy Most used vaccines globally, have shown high degree of safety, protection and prevention from severe disease in case of post-vaccination

infection
IV) STUDY RELATED

Study period If the study is done during the period of an ongoing COVID ‘wave’, the incidence would be higher
Geographical location If the study location falls in the area of higher SARS-COV-2 infections, there would be higher rate of infection in the healthcare workers

also
Type of hospital A COVID dedicated hospital is likely to have higher incidence of infections in the healthcare workers
Single or Multi centre
study

A multi-centre study provides more heterogeneous data and better projection of the incidence and outcomes of the infections

Sample size Larger the sample, better inferences can be derived
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did not include the cases with a history of previous COVID 19 in-
fections. Second, the genome sequencing and antibody titers were
not tested in all infected individuals due to operational and logis-
tical reasons. This study reported clinical outcomes of symptomatic
PVIs in the short term, and therefore, more long-term effects of the
infection need to be evaluated and reported on these cohorts. Third,
the participants in the study were primarily healthy young HCWs.
Hence, it did not say the effectiveness of vaccination among those
with higher risk, e.g., those with chronic diseases, older adults, and
those with previous SARS-CoV-2 infections. Finally, being a retro-
spective study, it has the potential for type II errors, biases, and
confounding.

The main strength of this study is being a multicenter study
representing almost all geographical areas of India and had a large
cohort to draw meaningful conclusions. This observational study
was a real-world study to assess the effectiveness of vaccines
outside of a randomized control trial, which we believe is helpful
for the scientific community, as it provides a piece of direct evi-
dence. A comparison of the two vaccines administered to this
cohort could be made. Furthermore, as literature on the Vero Cell
vaccine's effectiveness is scarce, this study could be particularly
insightful.
5. Conclusion

There was a very low incidence of symptomatic COVID-19
(5.07%) in vaccinated HCWs and even lower incidence of hospi-
talization and ICU admissions. Nursing and clinical staff, HCWs
aged more than 50 years, and HCWs from western India were
significantly more affected by symptomatic PVIs. The two-dose
vaccination has lower odds of developing symptomatic PVI.This
multicenter study showed no significant influence of sex or type of
vaccine received on symptomatic PVI incidence. This study lays out
the evidence that vaccination provided prevention from symp-
tomatic infection and protection from severe disease.
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